Mast cells participate in some types of inflammatory reactions involving changes in the microcirculation of certain tissues. Among the known vasoactive substances of importance, histamine has been found in mast cells (1) of several species of animals and in certain species serotonin is also present (2). A variety of substances (the formaldehyde polymer of p-methoxyphenethylmethylamine (48/80), ovomucoid, and dextran) when administered to the rat elicit an inflammatory response, cause histamine and serotonin release and the morphological change of degranulation (3, 4) . No clear description of the process involved in release of the active amines and other mast cell constituents has yet been presented. A major obstacle has been the lack of an appropriate way of observing the action of various agents on the structure of the mast cell and its constituents under controlled conditions. Hence, a new method of observation was sought to study the mechanism of mast cell secretion in vitro.
found necessary in ordering the filters to specify "smooth surfaced." Otherwise one obtained, by chance, lots with "alligatored" surfaces which are unsatisfactory for microscopic observations.
Ovomucoid was prepared according to the procedure of Hektoen and Cole (5) , and the same lots were used as in previous studies of this substance (3, 4) . The dextran employed was the 80,000 molecular weight polymer (Commercial Solvents Corp., New York). The BurroughsWellcome & Company, Inc., Tuckahoe, New York, kindly supplied 48/80. Polymyxin B was purchased from California Biochemical Corporation, Los Angeles. Final dilutions of all agents were prepared in Tyrode's solution of a low calcium concentration (6) .
Mast cells were obtained from the peritoneal cavities of 200 to 275 gm. female SpragueDawley rats by the method already described (7) . The peritoneal cavity of each rat was washed with 20 ml. of the low calcium Tyrode's solution containing heparin (10/z/ml.). Cells in the washings were counted in a standard blood cell-counting chamber after appropriate dilution with a counting fluid (8) . The recovered fluid containing the cells was diluted to a final volume of 50 ml. with the Tyrode's solution. A 5 ml. aliquot of this suspension was then introduced into a chimney, with the filter in place, and the fluid was permitted to flow through. The cells collected on the filter were carefully washed with a heparin-free Tyrode's solution.
In order to test the activity of different substances on the cells the pads supplied with the filters were thoroughly saturated with a solution of a given agent in Tyrode's solution, and the filter was placed on top of the pad. A small volume of the solution was also spread over the top of the filter in order to keep it wet. The pad and filter were then placed in a Petri dish, and an atmosphere saturated with water vapor was maintained in the closed dish by using gauze sponges wet with Tyrode's solution. The Petri dish was incubated for the desired time at a selected temperature usually 25-27°C. In each experiment four filters were prepared under identical conditions. At the conclusion of the incubation the filters were removed from their pads, placed in the chimney, and washed with 5 ml. of Tyrode's solution. Two of the filters were fixed by the addition to the chimney of 5 ml. of 4 per cent formaldehyde in water. The other two filters were each placed in a separate 10 ml. beaker with 2 ml. of Tyrode's solution then frozen and thawed three times. The filter was removed, and the solution assayed for histamine on the isolated guinea pig ileum (3). The value obtained represented the histamine remaining in the cells after treatment, the "residual histamine." Within the limits of error of the method of assay this procedure extracted as much histamine as could be extracted with acid.
The two filters which were reserved for microscopic examination were stained for 30 to 60 seconds with 0.1 per cent aqueous toluidine blue adjusted to pH 4.5 with 0.1 N acetic acid, then washed in water and allowed to dry thoroughly in air. The wet, stained filters could be examined with the microscope, but for the best preparations filters were air-dried, cleared with xylene, and mounted in permount.
In the steps outlined above, considerable care was required in handling the filters. Any contact with the cell-bearing surface of the filter before fixation disrupted the mast cells. Therefore the filters were handled at their edges with fine forceps and were never allowed to rest cell-surface down.
In several experiments mast cells were separated from other free peritoneal cells by differential sedimentation in concentrated sucrose, or albumin, as we have previously described (7, 8) . They were finally collected on the Millipore filters for observation.
EXPERIMENTAL OBSERVATIONS
The Distribution of Histamine among the Peritoneal Cell Types.--.Since in most of the experiments mast cells constituted only 5 to 8 per cent of a mixed cell population, it was important to determine how much of the measured histamine in the peritoneal cells represented histamine contributed by mast cells. In order to do this mast cells were separated from the other cells present in the initial peritoneal wash using concentrated sucrose or albumin (7), (8) , and the initial population, the mast cell fraction, and the interface fraction were assayed for histamine. In Table I are shown the results of two such experiments. It can be seen that the ratio of histamine per 106 mast cells in each of the populations within a given experiment is very nearly the same. These results indicate that within the limits of error of the methods involved all of Behavior of Untreated Mast Cells on the Filter.--When the mast cells were examined immediately after deposition on the filter, they appeared intact (Fig. 1 ). An occasional cell showed loss of granules. Following incubation for as long as 1 hour in Tyrode's solution there was little change in their appear-ance. Further evidence of the stability of the cells was seen in the histamine determinations which demonstrated only 20 per cent loss of histamine from the cells in the period of incubation, in contrast to the instability of twice centrifuged cells which lost 84 per cent of their histamine on subsequent incubation (Table II) . Cells isolated by the sucrose procedure spontaneously spilled their granules when suspended in Tyrode's solution and then collected on the filters. In contrast the cells isolated by the albumin procedure retained their intact morphology (Fig. 6 A) .
In Vitro Effects of 48/80, Polymyxin B, Ovomucoid, and Dextran.--When
48/80 was added to the incubation fluid in appropriate concentrations, widespread degranulation of mast cells was evident (Fig. 4) , and histamine release was readily demonstrable. The histamine loss of cells treated with 48/80 was measured over a range of time intervals, and the action of this agent was found to be rapid (Text- fig. 1 A) . The histamine released at varying concentrations of 48/80 was also measured (Text-fig. 1B) ; about 50 per cent of the histamine was released at a concentration of 5.0 gg./ml. When histamine was measured in the supernatant fluid all the histamine, within the limits of the assay method, liberated from the cells was accounted for in the supernatant fluid (Table III) . In order to discover whether or not 48/80 was acting via the other cells present in the peritoneal cell population, the compound was tested with mast cells separated from the other cell constituents by sedimentation in concentrated albumin. 48/80 was found to be as effective with separated mast cells as with the whole peritoneal cell population (Table IV) , (Fig. 6 B) .
Polymyxin B in a concentration of 50 ~g./ml. of incubating fluid behaved like 48/80. Ovomucoid and dextran were without evident effect on the mast cells in the in vitro system in concentrations of 1 mg. per ml. These findings are illustrated and summarized in Figs. 1 to 5 and Text- fig. 2 . When fresh rat serum was added in a concentration of 50 per cent to the incubation medium containing ovomucoid, degranulation of mast cells or histamine release did not occur.
DISCUSSION
In early attempts to study mast cells and the mode of action of various agents on these cells in isolated systems, we encountered considerable difficulty. The cells fragmented easily, and large amounts of histamine were liberated spontaneously from cells suspended in various media. Asboe-Hansen and Glick found that 35 per cent of mast cells isolated by the sucrose gradient method in control preparations showed damage (9) . Of even more significance is the fact that 48/80 caused no evident degranulation of mast cells under their conditions of observation. The reasons for this appear to be in part a consequence of repeated centrifugation and in part a consequence of the increased fragility of cells after exposure to very hypertonic sucrose solutions. The very process of smearing and drying of cells on glass slides itself causes distortion and disruption so that valid observations of changes in cell morphology are prevented. Thus we were led to search for a new method of observing chemical and morphological changes in mast cells.
Millipore filters, originally devised for the collection of bacteria and other particles from fluids, have been used before to collect cells from body fluids for cytologic examination in cancer diagnosis (10, 11) . The filters have also been employed in tissue culture (12) and in experiments requiring in vivo sequestration of foreign cells (13) . As shown in our experiments, the filters are also useful for the collection and study of peritoneal mast cells. The cells on the Millipore filters as well as being readily visualized in the light microscope may be processed for electron microscopy (14) . The use of filters for quantitative measurements of radioactive tracers in cells is also feasible (15) .
The enzyme theory of mast cell degranulation has been revived in the reports of Hogberg and Uvniis (16) (17) (18) . One of the problems in interpreting their work is that whole tissues, rat mesenteries, were utilized; this makes uncertain the site of action of any agent under investigation. In such a complex tissue or mixed cell population it cannot be assumed that because an effect on mast cells is observed the agent or conditions employed are directly affecting the mast cells. In this situation it may well be that an agent which causes mast cell degranulation is operating first upon another tissue constituent to produce a substance then capable of altering mast cells.
We have studied mast cells isolated from their usual tissue environment, and in a limited number of experiments, free of other cell types. Under these conditions mast cells deposited on the surface of a Millipore filter responded to 48/80 in the same way that they do in vivo in the dorsal skin of rat feet. Polymyxin B produced a similar response, but no response to ovomucold or dextran could be elicited even with concentrations which easily produce observable alterations in vivo (4) . A difference between the action of 48/80 and ovomucoid on mast cells has been observed under quite different circumstances: Goth and coworkers (19) have confirmed and extended the findings of Adamkiewicz and Langlois (20) that insulin greatly enhances dextran and ovomucoid activity without affecting 48/80 activity.
Several reasons can be considered to account for the difference in action of the smaller basic compounds, 48/80 and polymyxin B, and the larger molecules, ovomucoid and dextran: (a) Free mast cells in the peritoneal cavity may differ intrinsically in their range of responsiveness from the mast cells of the dorsal skin of the foot; (b) Dextran and ovomucoid may not act directly on mast cells but act, or are acted upon, elsewhere in the tissues or circulating plasma producing a substance which can then induce mast cell changes; (c) A part of the mechanism of the mast cell response to ovomucoid and dextran is prohibited in some undetermined way by the in vitro conditions. At present, experimental data do not permit a clear choice among the possibilities. Preliminary attempts to extract from the dorsal skin of rat feet following ovomucoid treatment, a substance capable of degranulating mast cells have been unsuccessful, and addition of fresh rat serum to the incubation media as indicated did not make ovomucoid effective.
The problem of mast cell secretion has been investigated in vitro recently in two other laboratories. Archer (21, 22) employed cells separated in concentrated albumin. He found 48/80 and a number of other agents able to release histamine from mast cells in vitro, but if more than 45 minutes elapsed between the collection of cells and incubation with the histamine releasing agent the cells became refractory. Archer was further able to demonstrate that extracts of several tissues were capable of releasing histamine. He postulates that an arginine-containing peptide which he found in the extract of spleen was the active substance. Since Archer's study was published, Uvn/is and Thon (23) have reported investigations carried out with mast cells isolated by a method in which ficoll, a polysaccharide-like compound, is substituted for the albumin used by Archer and by us. Cells so obtained are unresponsive to 48/80 after washing in serumfree solutions, a result differing from ours. This may perhaps be explained by the effects of ficoll on the cells or by the time which elapsed in collecting the cells. When serum was used in all phases of the cell separation procedure the effectiveness of 48/80 was comparable to that found in our experiments.
The results of the three studies carried out so far indicate the importance of the in vitro study of mast cell secretion in the analysis of the mechanism by which mast cells respond to a variety of stimuli. An attractive hypothesis may be constructed from the available data as follows: 48/80 and polymyxin B are members of a class of agents which can act directly on the mast cell to produce granule secretion and histamine release, while another class of compounds represented by dextran and ovomucoid act at an unidentified site in the tissues to release a compound of the direct-acting type. The identification of an intermediate compound participating in the chain of events involved in the action of ovomucoid and dextran in rats would serve to validate this hypothesis. SUMMARY A method is described by which mast cells harvested from the rat peritoneal cavity can be deposited on the surface of a Millipore filter without gross injury, permitting observation of morphological and chemical changes induced by a variety of agents.
These isolated peritoneal mast cells respond to 48/80 and to polymyxin B but not to dextran or ovomucoid with degranulation and histamine release. Thus four agents which in vivo appear to have similar activities have been found by means of in vitro analysis to operate by at least two different mechanisms. 
